Dairy ewes are less prone than cows to milk fat depression (MFD) but suffer from this syndrome when marine lipids are added to their diet to modulate milk fatty acid (FA) profile.
INTERPRETIVE SUMMARY
Individual variation of the extent of milk fat depression in dairy ewes fed fish oil: milk fatty acid profile and mRNA abundance of candidate genes involved in mammary lipogenesis (by Frutos et al.) Most studies in dairy ewes fed marine lipids show large individual differences in animal responses in terms of milk fat depression (MFD). Elucidating the reasons behind this variability might contribute to the ultimate goal of finding solutions for this syndrome. We hypothesized that differences in milk concentrations of antilipogenic fatty acids or in transcript abundances of candidate lipogenic genes in ewes fed fish oil would explain individual variations in MFD extent. However, our results do not support the hypotheses, so further research is necessary.
INTRODUCTION
In 2011, Bauman et al. stated that the basis for diet-induced milk fat depression (MFD) had perplexed scientists for over a century. This perplexity continues today and extends not only to cows but also to small ruminants (Carreño et al., 2016; Toral et al., 2017) . For several years, dairy sheep were considered to be less prone to diet-induced MFD (Shingfield et al., 2010) , but their susceptibility to dietary addition of marine lipids or trans-10 cis-12 CLA is nowadays demonstrated (Capper et al., 2007; Toral et al., 2015) .
We have conducted a number of studies in ewes fed marine lipids rich in n-3 PUFA (e.g., Bichi et al., 2013; Carreño et al., 2016; Toral et al., 2015 Toral et al., , 2016a Toral et al., , 2017 with the primary goal of modulating milk composition towards a healthier fatty acid (FA) profile. To some extent, we were also interested in the mechanism underlying the low-fat milk syndrome induced by marine lipids. Because most ovine milk is destined for cheese manufacturing (Haenlein, 2007) , feeding these supplements may be challenging under practical conditions due to economic losses associated with MFD. Remarkably, we always observed individual differences in the responsiveness to marine lipids. For example, decreases in milk fat concentration ranged from 17 to 28% in ewes fed 0.8% marine algae (Bichi et al., 2013) , from 14 to 32% in animals that consumed 1.7% fish oil (Carreño et al., 2016) , or from 4 to 33% with diets supplemented with 2% fish oil (Toral et al., 2016a) .
Individual variability might also explain some inconsistencies found in the literature about consumption of marine lipids and MFD in sheep. For instance, Capper et al. (2007) reported a clear fish oil-induced MFD, while others show no effects or only a mild MFD. The latter include several trials conducted by Reynolds et al. (2006) in dairy ewes receiving a supplement consisting of a mixture of soybean and marine algae oils (4%; 2:1 w/w respectively). Their findings related to milk fat percentage contain increases, no significant differences, or a tendency toward mild MFD (13%) with corn silages as the basal forage. Papadopoulos et al. (2002) found no significant variations in milk fat when n-3 PUFA-rich marine algae were added to the diet at concentrations of 2.4 or 4.7%. Tsiplakou and Zervas (2013) and Mozzon et al. (2002) also reported no effect or slight but not significant decreases in milk fat concentration with fish oil supplementation. Cows have also been shown to display very different degrees of diet-induced MFD (Weimer et al., 2010) .
On this basis, we conducted an experiment with dairy ewes fed fish oil to try to elucidate the reasons behind the individual variation in MFD extent, and we posed two hypotheses for testing. The first was that differences in the milk concentration of some FA, particularly potentially antilipogenic FA, may account for that individual variability. It is widely accepted that MFD is related to an inhibition of mammary lipogenesis by active biohydrogenation (BH) intermediates that are produced under certain feeding conditions that alter rumen function (Bauman and Griinari, 2001 ). Although only trans-10 cis-12 CLA has been unequivocally demonstrated to exert anti-lipogenic effects, some other BH metabolites have more recently been suggested to be able to impair milk fat synthesis (Shingfield et al., 2010; Bauman et al., 2011) .
The second hypothesis was that differences in the transcriptional regulation of mammary lipogenesis would be responsible for individual variations in the susceptibility to MFD. Both hypotheses may be linked because it has been proposed that alterations, particularly downregulation, in the expression of genes involved in milk fat synthesis may be mediated by dietary nutrients, including some FA with antilipogenic characteristics (Harvatine and Bauman, 2006; Bionaz et al., 2015; Toral et al., 2017) .
MATERIALS AND METHODS
All experimental procedures were approved and completed in accordance with Spanish and EU regulations (R.D. 53/2013, and Council Directive 2010/63/EU) for the protection of animals used for experimental purposes.
Animals, Experimental Diets, and Management
Fifteen lactating Assaf ewes (BW = 76.4 ± 2.66 kg; DIM = 48 ± 1.4; parity = 2.4 ± 0.42; milk yield = 2.8 ± 0.15 kg/d) were used in this study. They were selected from a total of 27 animals housed in individual tie stalls and randomly allocated to one of two diets: a TMR based on alfalfa hay (particle size > 4 cm) and concentrates (50:50) without lipid supplementation (Control group; n = 5) or supplemented with 20 g of fish oil (Afampes 121 DHA; Afamsa, Mos, Spain)/kg of diet DM (MDF group; n = 22). The ingredients of the experimental diets, which were prepared weekly and included molasses to reduce selection of components, are shown in Table 1 . All ewes were fed the control diet for a 3-week adaptation period, and then both experimental diets for 5 more weeks, which allowed to achieve a stable MFD. At the end of this latter period, 10 ewes out of the 22 in the MDF group were selected to represent those showing a marked response in terms of MFD (RESPON+; n = 5) or just a mild response (RESPON; n = 5) to the dietary addition of fish oil. The selection was carried out on the basis of decreases in milk fat concentration and differences between the three groups are shown in Table 2 .
Ewes were milked twice daily at approximately 0830 and 1830 h in a single-side milking parlor with 10 stalls (DeLaval, Madrid, Spain). The diets were offered daily ad libitum after the morning milking, and clean water was always available.
Measurements and Sampling Procedures
Diets. Representative samples of the experimental diets were collected weekly and stored at -30°C until analysis. Feed intake was individually measured four times a week by weighing the amounts of DM offered and refused by each animal.
Milk. At the end of the adaptation period (days -5, -4 and -3) and after 31, 32 and 33 d on treatments, milk yield was recorded and individual milk samples were collected and composited according to morning and evening milk yields. One aliquot of composite milk was preserved with bronopol (D&F Control Systems Inc., San Ramon, CA) and stored at 4°C until analysis for fat, CP and TS concentrations. Milk FA composition was determined in untreated samples stored at -30°C until analysis.
Milk somatic cells. Total RNA was isolated from milk somatic cells, which has been shown to result in representative samples of the mammary gland transcriptome in cows and ewes (Cánovas et al., 2014; Suárez-Vega et al., 2015) . A recent study in sheep fed fish oil has also validated this methodology for nutrigenomic analyses in this species (Toral et al., 2016b) .
Milk samples were collected before the start of the experiment (days -2 and -1) and after 34 and 35 d of treatment. Following the protocol by Suárez-Vega et al. (2015) , the collection was performed approximately 1 h after milking and 10 min after the injection of oxytocin (5 IU/ewe; Facilpart, Laboratorios SYVA, León, Spain) to maximize the concentration of mammary epithelial cells. Udders were cleaned with water and soap and then disinfected with povidone iodine; nipples were also washed with RNAseZap (Ambion, Austin, TX). Individual samples were obtained by hand-milking each half of the mammary gland into an RNAse-free 50-mL tube (2 samples/ewe) that was covered with a sterile gauze to filter the milk. Samples were kept in ice and immediately transferred to the laboratory for RNA extraction.
Laboratory Analysis
Diets and Orts. Dry matter concentration in diets and orts was determined according to the ISO 6496:1999 standard. Diets were also analyzed for ash (ISO 5984:2002) , CP (ISO 5983-2:2009) and total starch (K-TSTA kit; Megazyme Intl. Ireland, Wicklow, Ireland). The NDF and ADF were determined using an Ankom 2000 fiber analyzer (Ankom Technology Methods 13 and 12, respectively; Ankom Technology Corp., Macedon, NY); the former was assayed with sodium sulfite and α-amylase, and both were expressed with residual ash. Fatty acid methyl esters (FAME) of lipid in freeze-dried diets were prepared in a 1-step extractiontransesterification procedure using chloroform (Sukhija and Palmquist, 1988) and 2% (vol/vol) sulfuric acid in methanol (Shingfield et al., 2003) , and tridecanoic acid (Sigma-Aldrich, Madrid, Spain) as an internal standard. Methyl esters were separated and quantified using a gas chromatograph (Agilent 7890A GC System, Santa Clara, CA) equipped with a flame-ionization detector and a 100-m fused silica capillary column (0.25 mm i.d., 0.2-μm film thickness; CP-SIL 88, CP7489, Varian Ibérica S.A., Madrid, Spain) and hydrogen as the carrier gas (207 kPa, 2.1 mL/min). Total FAME profile in a 2 μL sample volume at a split ratio of 1:50 was determined using the temperature gradient program described in Shingfield et al. (2003) . Peak identification was based on retention time comparisons with commercially available standard FAME mixtures (GLC463, Nu-Chek Prep., Elysian, MN; and 18919-1AMP Supelco, SigmaAldrich).
Milk. Milk fat, CP and TS concentrations were determined by infrared spectrophotometry (ISO 9622:1999) using a MilkoScan FT6000 (Foss, Hillerød, Denmark). Lipid in 1 mL of milk was extracted using diethylether and hexane (5:4, vol/vol) and converted to FAME by base catalyzed transesterification (Shingfield et al., 2003) . The total FAME profile was determined by gas chromatography using the same chromatograph and temperature gradient program applied for the analysis of feeds, but isomers of 18:1 were further resolved in a separate analysis under isothermal conditions at 170°C (Shingfield et al., 2003) . Peak identification was based on retention time comparisons with the same FAME mixtures used for the analysis of feeds, other commercially available standards (U-37-M, U-43-M, U-45-M and U-64-M, Nu-Chek Prep.; L6031, L8404 and O5632, Sigma-Aldrich; and 11-1600 -8, 20-2024 -1, 20-2210 -9, 20-2305 -1-4, 21-1211 -7, 21-1413 -7, 21-1614 -7, 21-1615 and BR mixtures 2 and 3, Larodan, Solna, Sweden), and comparison with reference samples, for which the FA composition was determined based on gas chromatography analysis of FAME and GC-MS analysis of corresponding 4,4-dimethyloxazoline derivatives (Bichi et al., 2013) .
RNA Isolation and Quantitative PCR. Total RNA in 50 mL of fresh milk was extracted as reported by Suárez-Vega et al. (2015) . Briefly, milk somatic cells were pelleted by centrifugation at 650 × g for 10 min at 4°C in the presence of a final concentration of 0.5 mM of EDTA. The cell pellet was washed with 10 mL of PBS (pH 7.2 and 0.5 mM of EDTA)
followed by another centrifugation at 650 × g for 10 min at 4°C. Washing and centrifugation procedures were repeated twice using 2 and 1.5 mL of the same PBS solution. Then, total RNA was extracted and purified from the milk cell pellet with TRIzol (Invitrogen, Carlsbad, CA).
The RNA concentration was determined by fluorometry (Qubit 3.0; Life Technologies, Carlsbad, CA), and the RNA integrity number (RIN) by capillary electrophoresis (Agilent 2100
Bioanalyzer, Agilent Technologies Inc.). The average RIN of the samples was 8.0 ± 0.10. For quantitative PCR (qPCR) analysis, cDNA was synthesized using a High-Capacity RNA-tocDNA Kit (Applied Biosystems, Foster City, CA). The qPCR was carried out as described in Bonnet et al. (2013) using a 7500 Real-Time PCR System (Applied Biosystems) and specific primers for the main candidate lipogenic genes involved in milk fat synthesis and the transcription factors that may regulate their expression (Bernard et al., 2008; Bauman et al., 2011; Bionaz et al., 2015) . These genes are described in Table 3 and were selected based on previous studies on lipid metabolism in sheep (e.g., Carreño et al., 2016; Suárez-Vega et al., 2017) . To account for variations in RNA integrity and quantification and cDNA synthesis, mRNA abundance was normalized using the geometric mean of 3 reference genes: eukaryotic translation initiation factor 3 subunit K (EIF3K), peptidylprolyl isomerase A (PPIA) and ubiquitously expressed prefoldin-like chaperone (UXT), all of which have been identified as suitable internal controls (Bonnet et al., 2013) . Gene stability was examined using the geNorm procedure (Vandesompele et al., 2002) , and the lack of DNA contamination was verified by PCR amplification with primers flanking an intron (e.g., EIF3K and INSIG1). The primer sequences and qPCR performance are shown in Supplementary Tables S1 and S2, respectively. The abundance of gene transcripts was calculated using a 5-point calibration curve generated from the serial dilution of a cDNA pool, prepared by mixing equal volumes of all samples, and expressed as the log2 value of the mRNA copy number relative to the geometric mean of the 3 reference genes.
Calculations and Statistical Analysis
All statistical analyses were performed using the SAS software package ( orthogonal contrasts were used to confirm the effects of fish oil supplementation, i.e., control vs. MFD (RESPON+ and RESPON), as well as to examine differences in the response within ewes with diet-induced MFD, i.e., RESPON+ vs. RESPON-. Differences were declared significant at P < 0.05 and considered a trend towards significance at P < 0.10. Least squares means are reported.
RESULTS

Animal Performance
As shown in Table 2 , DMI tended to be slightly lower in ewes fed the fish oilsupplemented diet, but there were no significant differences between RESPON and RESPON+ (P = 0.710). This slight drop was not reflected in milk production, which was similar among the three groups (P = 0.420). In contrast, based on the experimental design, the addition of fish oil decreased the concentration of milk fat (P < 0.001). This reduction was much stronger in RESPON+ (-25.4% compared with the control) than in RESPON-(7.7%; P < 0.001), and the same pattern was observed for daily milk fat production (22.6 and 6.0%, respectively; P < 0.05). Protein concentrations were similarly reduced in RESPON and RESPON+ (P < 0.05), and those of lactose tended to differ between the two latter (P = 0.059): the proportion was marginally greater in RESPON but both values were comparable to the control (P = 0.296).
Although yields of protein, lactose and total solids were not statistically affected (P > 0.10), the proportion of total solids mirrored the decrease observed in milk fat and protein contents (P < 0.001).
Milk FA profile
As presented in Table 4 and Supplementary Table S3 , feeding fish oil decreased the milk concentration of several individual short-and medium-chain FA (e.g., 14:0; P < 0.05), including some odd or branched-chain FA (e.g., iso 15:0, anteiso 15:0, iso 16:0 or anteiso 17:0; P < 0.05). At the same time, some others were significantly increased (e.g., cis-9 10:1, most 16:1 isomers, iso 17:0 or 17:0; P < 0.05). In this group of FA, only cis-9 10:1 (P = 0.091), trans 15:1 and cis-7 16:1 (P < 0.05) differed between RESPON-and RESPON+, with greater proportions being found in the latter treatment.
Diet supplementation with fish oil had a strong effect on 18:0, with milk concentration in RESPON and RESPON+ averaging just 23% of the control value (P < 0.001), but without significant changes linked to MDF severity. These were not found in 10-oxo-18:0 either, despite the significant increase due to diet supplementation (P < 0.01). The decrease in stearic acid was reflected in cis-9 18:1 (45% compared with the control; P < 0.001). In contrast, most other cis and trans 18:1 isomer contents were higher in milk from supplemented ewes (P < 0.01). Within this group, the sum of trans 18:1 tended to be more abundant in RESPON+ than in RESPON-(P = 0.082), and trans-6+7+8 18:1 was greater in the latter group (P < 0.05).
The concentration of CLA was significantly enhanced by dietary marine lipids (P < 0.001), with trans-10 cis-12 CLA showing a higher value in RESPON-compared with RESPON+ (P < 0.01). The sum of non-conjugated 18:2 was unaffected by the treatment (P = 0.973) due to the counteracting effects of decreases in cis-9 cis-12 18:2 and increases in most other isomers. No significant differences between RESPON and RESPON+ were detected in these FA.
Diet supplementation with fish oil led to a milk fat profile with a greater concentration of very long chain FA (e.g., unsaturated C20 and C22, 20:5n-3; 22:5n-3 or 22:6n-3; P < 0.001).
Within this group, milk concentrations of 20:2n-6 and 20:4n-3 were favored more in RESPONthan in RESPON+ (P < 0.01). This pattern was also followed by cis-13 22:1+20:3n-3 (P = 0.070) while 22:5n-6 and 22:6n-3 tended to be higher in RESPON+ (P < 0.10).
Except for trans-10 cis-12 CLA and 22:6n-3, mentioned above, none of the other putative antilipogenic FA (e.g., cis-9 16:1, 10-oxo-18:0, trans-10 18:1, cis-11 18:1, trans-9 cis-11 CLA, or trans-10 cis-15 18:2, which coeluted with trans-11 cis-15 18:2) differed significantly in relation to MFD intensity (i.e., between RESPON and RESPON+).
However, clear differences were detected between the two groups of supplemented ewes in the contribution of major milk FA classes to MFD, with molar yields of FA derived from de novo synthesis (<C16), plasma uptake (>C16) or both sources (C16) being always lower in RESPON+ than in RESPON-(P < 0.10). Compared with the control, major FA groups decreased to a similar extent in ewes showing a marked response to fish oil (on average, -23%), whereas the reduction in molar yields of <C16 and C16 FA was less severe in those with a mild MFD (-14 and -8%, respectively), and no variation was observed in that of >C16 FA.
mRNA Abundance of Candidate Genes
The transcript abundance of the three reference genes (EIF3K, PPIA and UXT) was not significantly affected by lipid supplementation or susceptibility to MFD, and their stability was the greatest among the set of quantified genes.
The mRNA relative abundances of candidate lipogenic genes and related transcription factors in milk somatic cells are reported in Table 5 . Compared with the control, ACSS2, FASN, LPIN1 and FADS2 tended to be downregulated in ewes fed fish oil (P < 0.10). Numerical decreases were also observed in ACACA and ACSS1 but these changes did not reach the required level of significance (P = 0.119 and 0.127, respectively).
Despite the lack of significance of the contrast comparing Control vs. MFD, SCD and GPAT4 tended to differ between RESPON-and RESPON+ (P = 0.090 and 0.062, respectively).
The mRNA abundance of the former was decreased in RESPON+ while that of the latter, GPAT4, was very similar in this group and in the control and higher in animals showing only a slight susceptibility to MFD (i.e., RESPON).
Concerning the analyzed transcription factors, only the expression of INSIG1 tended to be reduced by the marine lipid (P = 0.071). No differences were observed between RESPONand RESPON+ for mRNA abundances of other transcriptional regulators, which in some cases showed high variation within groups (e.g., APP and KLF6).
DISCUSSION
Dairy ewes are less prone than cows to MFD but suffer from this syndrome when marine lipids rich in n-3 PUFA are added to their diet to improve milk FA composition (Capper et al., 2007; Bichi et al., 2013; Carreño et al., 2016) . However, there are large individual differences in MFD severity, and the reasons behind this variability remain uncertain.
Experimental conditions (e.g., fish oil dose, and TMR composition and forage:concentrate ratio) were selected to mimic the wide range of individual variation in the extent of MFD that we had consistently observed in lactating sheep (e.g., Bichi et al., 2013; Toral et al., 2015 Toral et al., , 2016a Carreño et al., 2016) . Reductions in milk protein concentration (Pirondini et al., 2015; Carreño et al., 2016; Toral et al., 2016a) were also comparable in the two groups of ewes fed fish oil. Curiously, milk lactose concentration tended to differ between RESPON-and RESPON+. However, its marginal variation and the apparent lack of association with marine lipid-induced MFD in earlier studies in sheep and cows (Angulo et al., 2012; Bichi et al., 2013; Pirondini et al., 2015) suggest that this result might have no biological relevance.
Despite individual differences in ewe responses to the diet inducing MFD, milk content of FA with potentially beneficial or detrimental effects on human health (Lock and Bauman, 2004; Salter, 2013) was very similar in all supplemented animals. Thus, milk from both RESPON+ and RESPON showed rather uniform increases in the concentration of cis-9 trans-11 CLA, trans-11 18:1 or total PUFA, and decreases in medium-chain saturated FA 12:0 and 14:0, which may have positive health implications (Lock and Bauman, 2004; Salter, 2013) . The very few exceptions to this general trend include minor MUFA, such as cis-7 16:1, to which anti-inflammatory effects have recently been attributed (Guijas et al., 2016) , and very longchain PUFA, such as 22:6n-3, with well-documented health promoting activity (Salter, 2013) .
The greater the susceptibility of ewes to diet-induced MFD, the greater the concentration of these two FA (i.e., cis-7 16:1 and 22:6n-3) in their milk.
Contrary to our first hypothesis, milk concentrations of FA with confirmed or putative inhibitory activity against lipogenesis appeared quite alike in RESPON+ and RESPON-. This was especially surprising for trans-10 cis-12 CLA because its greatest content was found in RESPON. Notwithstanding the limitations of gas chromatography for the quantification of some CLA isomers, this result would be in line with a marginal role of trans-10 cis-12 CLA in marine lipid-induced MFD (Bichi et al., 2013; Kairenius et al., 2015; Toral et al., 2015) . The lack of association between concentrations of this antilipogenic FA in milk and decreases in fat content in ruminants fed fish oil or microalgae contrasts with observations during CLA-induced MFD, which highlights differences between both conditions (Shingfield et al., 2010; Angulo et al., 2012; Toral et al., 2017) . Other ruminal BH intermediates that have been related to the lowfat milk syndrome, such as trans-9 cis-11 CLA, which has shown evidence of inhibitory effects in dairy cows (Shingfield et al., 2010) , displayed similar increases in the two groups of supplemented ewes. This also occurred for trans-10 18:1, which involvement in MFD is currently ambiguous (Kadegowda et al., 2009; Bauman et al., 2011) , and the less-known candidate milk fat inhibitors trans-10 cis-15 18:2 and 10-oxo-18:0 (Alves and Bessa, 2014; Kairenius et al., 2015; Toral et al., 2015 Toral et al., , 2017 .
Tentative antilipogenic activity has also been attributed to some MUFA that are present Overall, our milk FA profile results would oblige us to reject the hypothesis that milk concentration of identified FA with potential antilipogenic effects is responsible for individual differences in MFD extent in ewes fed fish oil. Nevertheless, it could be speculated that some other, as yet unidentified, FA might be more relevant or that sensitivity to the candidate milk fat inhibitors mentioned above may vary between individuals. Regarding the first supposition and despite the comprehensive FA profile provided in this report, it is difficult to suggest new candidates among the few FA showing significant differences between RESPON+ and RESPON-. We are not aware of any study on the impact of cis-9 10:1 and trans 15:1 on mammary metabolism and, although trans-7 18:1 decreased lipogenic gene expression in lactating mice (Kadegowda et al., 2010) , the peak containing this 18:1 isomer was more abundant in RESPON than in RESPON+. The same occurred with 20:2n-6, 20:4n-3 or the sum of cis-13 22:1 + 20:3n-3. Support for the second speculation, related to individual differences in sensitivity to antilipogenic FA, would require further research, but unlike responses to specific milk fat inhibitors have been observed under almost identical conditions.
For instance, when Assaf ewes from the same experimental flock were fed a diet supplemented with a similar amount of trans-10 cis-12 CLA, the reduction in milk fat concentration averaged 18% in a first trial (Toral et al., 2015) and -33% in a second one .
The similarity in individual milk FA proportions in all ewes fed fish oil contrasts with associated differences in major milk FA groups. Based on earlier studies in dairy sheep fed marine lipids, we calculated that the average contribution of <C16, C16 and >C16 FA, on a molar basis, to MFD represent ≈51, 22 and 27%, respectively, of the decrease in total milk FA yield (Bichi et al., 2013; Toral et al., 2015 Toral et al., , 2016a Toral et al., , 2017 Carreño et al., 2016) . These values are similar to those found in RESPON+ (i.e., 54, 25 and 21%, respectively) but far from the results in RESPON-, where <C16 FA accounted for 81% of the reductions in total milk FA secretion and >C16 FA made no contribution. Therefore, some of the major mechanisms involved in de novo FA synthesis and uptake of preformed FA from plasma, were not equally inhibited in animals displaying different degrees of MFD. It may be speculated that mechanisms linked to the uptake of >C16 FA were better preserved in RESPON, which would prevent severe MFD.
These results, however, could not be related to changes in candidate gene expression in milk somatic cells in this study. Feeding fish oil decreased the mRNA abundance of key genes responsible for FA activation and de novo synthesis (i.e., ACSS2 and FASN, respectively), which is consistent with previous studies in ewes and cows (e. Differences between RESPON-and RESPON+ were only detected for SCD and GPAT4, with a tendency toward lower expression in RESPON+ in both cases. Evidence from in vitro assays indicates a direct and negative effect of very long chain n-3 PUFA on mammary SCD expression (Kadegowda et al., 2009) , RESPON+ having the greatest milk concentration of 22:6n-3. Nevertheless, the mRNA abundance of this Δ 9 -desaturase showed no relationship with proportions of its products or substrates in the milk from both groups. The interpretation of GPAT4 results is even less clear given its role in triacylglycerol synthesis (Takeuchi and Reue, 2009), a metabolic process that was probably hindered by LPIN1 downregulation (Takeuchi and Reue, 2009; Zhu et al., 2015) . Moreover, little and inconsistent information exists about the involvement of GPAT4 in MFD in ewes Carreño et al., 2016; Toral et al., 2017) , which might exclude a major role of this gene in MFD severity. 2 Probability of the orthogonal contrast.
3 Contains trans-7 cis-9 and trans-8 cis-10 CLA as minor components. 4 Coelutes with cis-11 20:1. 
